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Abstract. The impact of higher-order final-state photonic corrections on the precise determination of the
W -boson mass at the Tevatron and LHC colliders is evaluated. TheW -mass shift from a fit to the transverse
mass distribution is found to be about 10 MeV in the W → µν channel and a few MeV in the W → eν
channel. The calculation, which is implemented in the Monte Carlo event generator HORACE for data
analysis, can contribute to reduce the uncertainty associated to the W mass measurement at present and
future hadron collider experiments.
PACS. 12.15.Lk Electroweak radiative corrections – 13.40.K Electromagnetic corrections to strong- and
weak-interaction processes
1 Introduction
In addition to the program of discovery physics, experi-
ments at the high-energy hadron colliders Tevatron RunII
and the LHC are expected to pursue the program of preci-
sion physics successfully carried out during the last decade
at LEP, SLC and the Tevatron itself. In particular, for
precision tests of the Standard Model a very precise de-
termination of the W boson mass MW is of particular im-
portance because this would give the possibility, when as-
sociated with an improved measurement of the top-quark
mass, of putting more severe indirect bounds on the mass
of the Higgs boson. The present experimental situation for
all the direct measurements of MW is shown in Fig. 1. It
is worth noticing that the hadron collider average forMW
has an accuracy comparable to the LEP measurement,
but even more important is to take into account that the
precision expected at the Tevatron is about 30 MeV per
experiment per channel at Run IIa and 16 MeV at Run
IIb, the latter being the same precision aimed at at the
LHC [1,2]. This competes with the precision of the MW
measurement expected at a future e+e− collider and will
correspond to a knowledge of the W mass with a relative
precision of 2×10−4, which obviously requires precise cal-
culations and event generators for the Drell-Yan-like pro-
cesses pp
(−) →W → lνl and pp(−) → γ, Z → l+l−, l = e, µ.
a Presented by G. Montagna with title “Higher-order QED
corrections to W mass determination at hadron colliders”
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Fig. 1. Compilation of all the available direct measurements
of the mass of the W boson MW .
2 The W mass at hadron colliders
At hadron colliders theW mass is extracted from the two-
body kinematics of the W boson decay into a lepton and
a neutrino W → lνl, giving rise to a Jacobian peak in
the distribution of the lepton transverse momentum pT (l).
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However, the preferred quantity to determine MW is the
transverse mass spectrum MT , which is defined as
MT =
√
2pT (l)pT (ν)(1 − cosφlν) (1)
where pT (l) and pT (ν) are the transverse momentum of
the lepton and the neutrino, and φlν is the angle between
the lepton and the neutrino in the transverse plane. Actu-
ally, the MT spectrum is less sensitive than the pT (l) dis-
tribution to the transverse motion of the W , which is dif-
ficult to model. Having in mind the precision anticipated
at the Tevatron and the LHC for MW , accurate theoret-
ical predictions including QCD and electroweak radiative
corrections are necessary to precisely extract MW from
the data. In the presently available calculations [3,4] O(α)
electroweak corrections are included exactly. From these
calculations it comes out that electroweak corrections shift
the W mass by an amount of the order of 100 MeV. In
W mass measurements at the Tevatron Run Ib the mass
shifts due to radiative effects were estimated to be−65±20
MeV and −168 ± 10 MeV for electron and muon chan-
nels, respectively [1,2]. From previous studies, it is also
known that these shifts are mainly due to final-state pho-
tonic corrections because of the presence of large collinear
logarithms of the form α/pi log(sˆ/m2l ), where
√
sˆ is the ef-
fective centre of mass (c.m.) energy and ml is the mass of
the final-state lepton. Furthermore, the effect of final-state
QED corrections significantly depends on lepton identifi-
cation requirements and detector effects, which are differ-
ent for electrons and muons. In the presence of realistic
selection criteria, the correction due to final-state photon
radiation is of several per cent on the MT spectrum in the
peak regionMT ≈MW . This poses the question of the im-
pact of higher-order (i.e. beyond order α) QED corrections
due to the multiple emission of (real and virtual) pho-
tons. These higher-order contributions are not presently
included in data analysis at the Tevatron but they are esti-
mated to introduce a systematic uncertainty of 20 MeV in
the W → eνe decay channel and 10 MeV in the W → µνµ
decay [1,2]. This source of systematic uncertainty is not
negligible in view of the foreseen experimental precisions
and it can be reduced by means of improved theoretical
calculations. Recent work in this direction includes the
calculation of the double bremsstrahlung matrix elements
qq¯′ → W → lνγγ and qq¯ → γ, Z → l+l−γγ [5], as well
as the calculation of multi-photon corrections to leptonic
W decays in the framework of Yennie-Frautschi-Suura ex-
ponentiation approach implemented in the Monte Carlo
(MC) generator WINHAC [6].
3 Theoretical approach and numerical results
In the approach here presented the real plus virtual correc-
tions due to multi-photon radiation are computed in the
leading-log approximation using the well-known and well-
established QED structure-function approach. The correc-
tions are calculated by solving numerically the DGLAP
equation for the electron structure function by means of
the QED Parton Shower algorithm developed in Ref. [7].
Only radiation from the final-state leptons is presently in-
cluded in our approach (by simply attaching a single QED
structure function to the final-state lepton), because it
is known that quark-mass singularities, originating from
initial-state photon radiation, can be reabsorbed into a
redefinition of the Parton Distribution Functions (PDFs),
in analogy to gluon emission in QCD [8]. After this mass-
factorization procedure, initial-state-radiation has only a
small and uniform impact on the MT spectrum, while
final-state radiation significantly distorts the shape of the
MT distribution, affecting in turn the MW extraction.
The formulation is implemented into a MC generator for
data analysis, HORACE (Higher Order RAdiative Cor-
rEctions) [9]. It is interfaced to PDFs and incorporates
lepton identification criteria and detector resolution ef-
fects, in order to perform simulations for the hadronic
process pp
(−) → W → lν, l = e, µ as realistic as possible.
HORACE can calculate photonic corrections to all orders
and at order α, to disentangle the effect of higher-order
contributions and to compare with the available O(α) pro-
grams. A first round of comparisons was performed with
WGRAD [3] in Ref. [9], showing good agreement. A more
detailed analysis, based on the comparison between HO-
RACE and WINHAC, is in progress [10].
To evaluate the shift on the fitted W mass induced
by higher-order QED final-state corrections we used HO-
RACE and performed χ2 fits to MC pseudo-data for the
MT spectrum, simulating acceptance cuts, lepton iden-
tification criteria and detector resolution effects as re-
ported in Ref. [9]. The c.m. energy considered in our study
is
√
s = 2 TeV, corresponding to the Tevatron Run II
data taking, but we checked that the conclusions of our
analysis do not change at the LHC energy of
√
s = 14
TeV, when using the same cuts and detector specifications.
The basic steps of the fitting procedure are the following:
i) we generate a sample of pseudo-data including O(α)
corrections for a reference value of the W mass, M refW ,
and we simulate the MT spectrum within the fit region
65 GeV < MT < 100 GeV; ii) we consider N different W -
mass values around M refW and we generate N mT spectra
including higher-order corrections; iii) for eachMW value,
we calculate the χ2 as
χ2 =
∑
i
(σi,exp − σi,α)2/(∆σ2i,exp +∆σ2i,α) (2)
where σi,α and σi,exp are the MC predictions for the i
th
bin at the O(α) and exponentiated level, respectively, and
∆σi,α, ∆σi,exp the corresponding statistical errors due to
numerical integration. We derive in conclusion the MW
shift due to higher-order effects looking at the minimum
of the χ2 distribution. The results of our analysis are re-
ported in Fig. 2, showing the ∆χ2 = χ2 − χ2min distri-
butions as a function of ∆MW ≡ MW − M refW . It can
be seen that the mass shift due to higher-order effects is
about 10 MeV for the W → µν channel (solid line) and
a few MeV (dashed line) for the W → eν channel, as a
consequence of the different identification requirements for
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Fig. 2. The ∆χ2 = χ2 − χ2min distributions from a fit to the
MT spectrum as a function of the W mass shift ∆MW due to
higher-order QED final-state corrections, at
√
s = 2 TeV. The
results for the W → eν and W → µν channels are shown.
electrons and muons. Therefore, in view of the expected
precision of 15-30 MeV for MW at the Tevatron Run II
and at the LHC, it will be important to take multi-photon
effects into account when extracting MW from the data.
4 Conclusions and outlook
In view of improved precision measurements of the W
mass at hadron colliders, we calculated higher-order QED
final-state corrections to the process of single W produc-
tion in hadronic collisions. We found that the shift due to
these corrections is about 10 MeV in theW → µν channel
and a few MeV in theW → eν channel. The calculation, if
included in future experimental analyses, would reduce the
uncertainty in the precision measurement of the W mass
at hadron colliders. To this end, the Monte Carlo program
HORACE is available for data analysis. We noticed that
the shifts significantly depend on particle identification re-
quirements and detector effects. Therefore, a more precise
assessment of our conclusions would require a full detector
simulation, which needs for collaboration with experimen-
tal colleagues. Since Z boson parameters, such as the Z
boson mass and width, are crucial in determining the lep-
ton energy and momentum scales, which enter and affect
the MW measurement, a calculation of higher-order cor-
rections to the neutral-current process pp
(−) → γ, Z → l+l−
is needed, being the O(α) electroweak corrections to the
above process already known in the literature [11]. Work
is in progress in this direction.
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